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[DESCRIPTION] 
[Invention Title] 



NOVEL 



CEPHALOSPORIN 



DERIVATIVES, 



ITS 



PHARMACEUTICALLY ACCEPTABLE SALTS AND MANUFACTURING 
PROCESS THEREOF 

[Technical Field] 

The present invention relates to novel cephalosporin compounds, 
phannaceutically acceptable salts thereof and a method for preparing the compounds. 
More particularly, the present invention relates to cephalosporin compounds and 
phannaceutically acceptable salts thereof represented by Formula I below: 
[Formula I] 



wherein X, Y and Z may be the same or different from one another, and are 
each independently hydrogen, halogen, C x * alkyl, Ci^ alkoxy, Ci^ halogenoalkyl, Ci^ 
alkoxyalkyl, or cycloalkyl; 

Ri is a 3-substituted isoxazolyl group represented by Formula A below: 
[Formula A] 



(wherein Q is a substituent useful for the cephalosporin compounds, and is 
hydrogen, halogen, hydroxy, mercapto, cyano, carboxy, carboxylic acid, ester, 
carbamoyloxy, carbamoyl, N,N-dimethyIcarbamoyl, Cm alkyl, Cm alkyloxy, halogen- 
substituted alkyl, aryl, or heterocyclic group); and 

R 2 is hydrogen, a group forming an ester as a carboxyl derivative, a salt- 




COOR 2 
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forming element, or a carboxy-protecting group, 

and a method for preparing the compounds. 
Since the compounds of Formula I show superior antibacterial activity against 
a wide variety of gram-positive bacteria, including methicillin-resistant Staphylococcus 
aureus (MRSA) strain, they can be effectively used as antibiotics. 

[Background Art] 

♦ 

Cephalosporin antibiotics have been widely used in the treatment of 
infectious diseases caused by pathogenic bacteria in humans and other animals, 
particularly diseases caused by bacteria resistant to general antibiotics, such as 
penicillin, and penicillm-hypersensitive patients. 

It is widely known that the antibacterial activity of cephalosporin antibiotics 
is greatly dependent on the kind of substituents present at the 3- and 7-positions of the 
cephem ring. On the other hand, it is preferable to use antibiotics showing activity 
against both gram-positive bacteria and gram-negative bacteria in the treatment of 
infectious diseases. Thus, in order to develop a variety of types antibiotics showing 
good antibacterial activity against both gram-positive bacteria and gram-negative 
bacteria, a number of studies on numerous cephalosporin antibiotics in which various 
substituents are introduced to the 3- or 7-position have been actively undertaken. 

In particular, so-called "third-generation cephalosporin antibiotics" such as 
cefotaxime (U.S. Patent No. 4,098,888) and cefinenoxime (Japanese Patent Laid-open 
No. 7675066), and so-called "fourth-generation cephalosporin antibiotics" such as 
cefepime (U.S. Patent No. 4,910,301), have been widely used as representative 
cephalosporin antibiotics. These cephalosporin antibiotics contain an aminothiazolyl- 
(unsubstituted or substituted) hydroxyiminoacetyl group at the 7-position of the 
cephem ring, and have a broad antibacterial spectrum against both gram-negative and 
gram-positive bacteria. 

Since an increasing number of gram-positive bacterial species are becoming 
resistant to drugs and thus are clinically significant, more efficacious therapeutic 
agents against gram-positive bacteria are urgently needed. It has now been found that 
the third and fourth generation antibiotics also exhibit unsatisfactory efficacy against 
resistant strains, potentially causing clinical problems. Thus, there exists a strong 
need for antibiotics showing strong activity against the resistant strains. In particular, 
the development of antibiotics showing strong activity against methicillin-resistant 
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Staphylococcus aureus (MRSA) strain has been the focus of intense interest in the 
art. 

In this connection, various cephalosporin antibiotics showing antibacterial 
activity against methicillin-resistant Staphylococcus aureus (MRSA) strain are already 
5 described in many patent publications. 

For example, European Patent Laid-open No. 96-72742 discloses 
cephalosporin compounds showing strong activity against methicillin-resistant 
Staphylococcus aureus (MRSA) strain, represented by Formula 2 below: 
[Formula 2] 



10 




wherein the acyi substituent represents Ar-S-CH2-CO- (in which Ar is a 
hydrophobic substituted phenyl, pyridyl, or benzthiazole); 

R15 and R16 are each independently hydrogen, alkyl or 
aminoalkylcarbonylamirio; and 
15 R17 is a substituted aliphatic, aromatic, aryl aliphatic, or a group having a 

sugar moiety. 

Specifically, the cephalosporin compounds contain an acyl group at the 7- 
position of the cephem ring, and a pyridine-based substituent at the 3-position of the 
cephem ring. 

20 Since the compounds of Formula 2 contain the arylthioacetylamino group 

(Ar-S-CH 2 -CO-) substituted at the 7-position of the cephem ring, they are analogous to 
the compounds of the present invention in terms of the kind of 7-substituents. On the 
other hand, the heteroaromatic ring-bonded thioaryl group is substituted at the 3- 
position of the cephem ring in the compounds of Formula 2, whereas a (3-substituted 

25 isoxazol-5-yl)vinyl group is introduced to the 3-position in the compounds of the 
present invention. Accordingly, the compounds of Formula 2 are different from the 
compounds of the present invention in terms of the kind of 3-substituents. 

To develop cephalosporin compounds showing strong activity against 
methicillin-resistant Staphylococcus aureus (MRSA) strain, there have been several 

30 attempts to introduce an acyl group to the 7-position of the cephem ring and a 
quaternary ammonium group bonded directly to a propenyl chain to the 3-position of 
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the cephem ring. As a representative example, PCT Publication WO 99-67255 
discloses compounds represented by Formula 3 below: 
[Formula 3] 



R30s 




400; 



C=C-C-R32 
H H H, 



wherein R30 is an organic group having a molecular weight not exceeding 



• R31 is hydrogen, a lower alkyl or phenyl group; and 

R32 is a secondary, tertiary or quaternary amine group bonded directly to the 
propenyl group and having a molecular weight not exceeding 400. 

The compounds of Formula 3 contain various amine groups bonded directly 
to the propenyl chain at the 3-position of the cephem ring, whereas a (3-substituted 
isoxazol-5-yl)vinyl group is introduced to the 3-position in the compounds of the 
present invention. Accordingly, the compounds of Formula 3 are distinguished from 
the compounds of the present invention in terms of the kind of 3-substituents. 

Korean Patent Laid-open No. 2002-5423 describes cephalosporin compounds 
showing strong antibacterial activity against gram-positive bacteria, e.g., methicillin- 
resistant Staphylococcus aureus (MRSA) strain, represented by Formula 4 below: 
[Formula 4] 




C0 2 R 3 



Ar 



20 



wherein n is an integer of 0 or 1; and 
Ar is a heteroary group selected from the following structures: 
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(wherein X, Y, W, A, B, D, E, G and I are each independently N or C, with 
the proviso that the sbc-membered ring forms a pyrimidine structure). 

The compounds of Formula 4 contain various heteroaromatic rings bonded to 
the methylene or propenyl group at the 3-position of the cephem ring, whereas an 
isoxazolyl group is introduced to the 3-position in the compounds of the present 
invention. Accordingly, the compounds of Formula 4 are distinguished from the 
compounds of the present invention in terms of the kind of 3-substituents. 

In conclusion, none of the above patent publications disclose cephalosporin 
compounds containing a (3-substituted isoxazol-5-yl) vinyl group at the 3-position of 
the cephem ring, like the compounds of the present invention. 

[Disclosure] 
[Technical Problem] 

Thus, the present inventors have earnestly and intensively conducted 
research to develop cephalosporin compounds having a broad antibacterial activity 
against gram-positive bacteria, including methiciilin-resistant Staphylococcus aureus 
(MRSA) strain, and as a result, have found that cephalosporin compounds containing a 
(3-substituted isoxazol-5-yl)vinyl group at the 3-position of the cephem ring have a 
broad antibacterial activity against gram-positive bacteria. The present invention is 
based on this finding. 

Therefore, it is an object of the present invention to provide novel 
cephalosporin compounds and pharmaceutical^ acceptable salts thereof, represented 
by Formula I 
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It is another object of the present invention to provide a method for 
preparing the cephalosporin compounds or their salts. 

It is yet another object of the present invention to provide an antibacterial 
composition comprising the compound of Formula I as an active ingredient. 

[Technical Solution] 

In accordance with one aspect of the present invention, the above objects can 
be accomplished by cephalosporin compounds and pharmaceutical^ acceptable salts 
thereof, represented by Formula I below: 




COOR 2 

(1) 

wherein X, Y and Z may be the same or different from one another, and are 
each independently hydrogen, halogen, Cw.alkyl, Cm alkoxy, Cu* halogenoalfcyl, C M 
alkoxyalkyl, or C3-6 cycloalkyl; 

Ri is a 3-substituted isoxazolyl group represented by Formula A below: 




(A) 

(wherein Q is a substituent useful for the cephalosporin compounds, and is 
hydrogen, halogen, hydroxy, mercapto, cyano, carboxy, carboxylic acid, ester, 
carbamoyloxy, carbamoyl, N,N-dimethylcarbamoyl, Cm alkyl, Cm alkyloxy, halogen- 
substituted alkyl, aryl, or heterocyclic group); and 

R 2 is hydrogen, a group forming an ester as a carboxyl derivative, a salt- 
forming element, or a carboxy-protecting group. 

As described above, the compounds of Formula I according to the present 
invention are cephalosporin compounds, characterized by the introduction of a (3- 
substituted isoxazol-5-yl)vinyl group at the 3-position of the cephem ring. As 
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apparent from the following Examples and test Examples, the compounds of Formula 
I show superior antibacterial activity against gram-positive bacteria, including 
methicillin-resistant Staphylococcus aureus (MRSA) strain. 

Detailed description will be made of the compounds of Formula I according 
to the present invention. 

As described previously, the substituent Ri of the compounds of Formula I is 
a 3-substituted isoxazolyl group represented by the above Formula A wherein Q is a 
substituent useful for the cephalosporin compounds, and is .hydrogen, halogen, Cm 
alkyl, Cm alkyloxy, halogen-substituted alkyl, aryl, heterocyclic substituent or the like. 

The term "halogen" used herein refers to fluorine, chlorine, bromine, or 

iodine. 

The heterocylic substituent is an unsaturated 5- or 6-membered hetero ring 
which contains at least one atom selected from oxygen, sulfur and nitrogen. 
Representative examples of heterocyclic substituents include unsubstituted or 
substituted thiazolylthio, isothiazolylthio, thiadiazolylthio, triazolylthio, triazinylthio, 
tetrazolylthio, triazolopyrimidinylthio, l-substituted pyridiniumthio-4-ytohio, etc. 
The pyrimidinium group may be substituted with Ci-6 alkyl, hydroxyalkyl, alkoxyalkyl, 
carboxyalkyl, sulfonylalkyl, carbamoylalkyl, and aminoalkyl groups at its 1-position. 
The aminoalkyl group may be unsubstituted or substituted with one or two 
substituents. 

The substituent R2 in the compounds of Formula I according to the present 
invention may be hydrogen, a group forming an ester as a carboxyl derivative, a salt- 
forming element, or a carboxy-protecting group. The carboxy-protecting group is a 
functional group which can be readily introduced to or removed from the 
cephalosporin compounds, without adversely affecting other positions of the 
molecules. Illustrative of suitable carboxy-protecting groups include unsubstituted or 
substituted Ci. 8 alkyl groups (e.g., methyl, methoxymethyi, ethyl, methoxyethyl, 
propyl, isopropyl, butyl, isobutyl, t-butyl and hexyl ester), and aryl groups (e.g., 
phenyl, indanyl, benzyl, cyanobenryl, halobenzyl, methylbenzyl, nitroben2yl, para- 
methoxybenzyl and phenylbenzyl), and the like. 

Further, in the case where the substituent R 2 in the compounds of the present 
invention is a group forming an ester as a carboxyl derivative, the compounds of the 
present invention have an ester structure (i.e. carboxyl derivatives), which can show in 
vivo antibiotic activity when administered in the form of an oral or injectable 
preparation. As the carboxylic derivatives, there may be mentioned, for example, 
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well-known 1-substituted C3-12 alkyl esters, alkanoyloxyalkyl esters (more 
specifically, acetoxymethyl, acetoxyethyl, propionyloxyethyl, pivaloyloxyethyl, 
tetrahydrofuryl, and tetrahydropyranyl esters), C 3 -* alkoxyformyloxyalkyl esters (e.g., 
ethoxycarbonyloxy esters), substituted C7-15 aralkyl esters (e.g., penasil, indanyl 
esters), 2-alkenylesters (e.g., allyl, 2-oxo-l, 3-dioxol-4-yimethyl esters), and the like. 

As the salt-forming element, any element that can form inorganic or organic 
salts of the cephalosporin compounds may be used. Representative inorganic salts are 
sodium and potassiuip salts, and organic salts are salts of alkylamines* (e.g., lower 
alkylamines such as ethylamine, diethylamine, and triethylamine), salts of aromatic 
amines (e.g., aniline, and diethylaniline), and salts of aromatic bases (e,g., picoline, 
lutidine, and quinoline), and the like. 

Depending on the structure of the vinyl group at the 3-position of the cephem 
ring, the compounds of Formula I according to the present invention can be present in 
the cis- or trans-form, which are within the scope of the present invention, represented 
by Formulae la and lb: 




la 



ib 



wherein X, Y, Z, Q and R 2 are as defined above. 

Representative examples of the compounds according to the present 
invention include: 

Compound 1: para-methoxybenzyl (6R,7R)-7-phenylthioacetamido«3-[(3- 
methylisoxazol-5-yl)vinyl]-3-cephem-4-carboxylate; 

Compound 2: para-methoxybenzyl (6R,7R)-7-phenylthioacetamido-3-[(3- 
ethylisoxazol-5-yl)vinyl]-3-cephem-4-carboxylate; 

Compound 3: para-methoxybenzyl (6R,7R)-7-phenylthioacetamido-3-[(3- 
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metho^soxazoI-5-yI)vinyl]-3-cephera-4-carboxylate; 

Compound 4: para-methoxybenzyl (6R,7R)-7-phenylthioacetamido-3-[(3- 
ethoxyisoxazol-5-yl)vinyl]-3-cephem-4"Carboxylate; 

Compound 5: para-methoxybenzyl (6R,7R)-7-phenylthioacetamido-3-[(3- 
bromoisoxa2X)l-5-yl)vinyl]-3-cephem-4-carboxyIate; 

Compound 6: para-methoxybenzyl (6R,7R>7-phenylthioacetamido-3-[(3- 
hydroxyisoxazol-5-yl)vinyl]-3-cephem-4-carboxyIate; 

Compound 7; para-methoxybenzyl (6R,7R)-7-phenylthioacetamidQ-3-[(3- 
ethoxycarbonyUsoxazol-5-yl)vinyl]-3-cephem-4-carboxy!ate; 

Compound 8: para-methoxybenzyl (6R,7R)-7-phenylthioacetamido-3-[(3- 
phenylisoxazol-5-yl)vinyl]-3-cephem-4-carboxylate; 

Compound 9: para-methoxybenzyl (6R > 7R)-7-phenylthioacetamido-3-[[3-(4- 
methylphenyl)isoxazol-5-yl]vinyl]-3-cephem-4-carboxylate; 

Compound 10: para-methoxybenzyl (6R > 7R>7-phenylthioacetamido-3-[[3- 
(4-methoxyphenyl)isoxazol-5-yl]vinyl]-3-cephem-4-carboxylate; 

Compound 11: para-methoxybenzyl (6R,7R)-7-phenyIthioacetamido-3-[[3- 
(4-fluorophenyl)isoxazol-5-yl]vinyl]-3-cephem-4-carboxylate; 

Compound 12: para-methoxybenzyl (6R,7R>7-phenylthioacetamido-3-[[3- 
(4-chlorophenyl)isoxazol-5-yI]vinyl]-3-cephem-4-carboxylate; 

Compound 13: para-methoxybenzyl (6R,7R)-7-phenylthioacetamido-3-[[3- 
(4-bromophenyl)isoxazol-5-yl]viiiyl]-3-cephem-4-carboxylate; 

Compound 14: para-methoxybenzyl (6R,7R)-7-phenylthioacetamido-3-[[3- 
(pyridin-2-yl)isoxazol-5-yl]vmyl]-3-cephem-4-carboxylate; 

Compound 15: para-methoxybenzyl (6R,7R>7-phenylthioacetamido-3-[[3- 
0>yridin-3-yl)isoxazol-5-yl]vinyl]-3-cephem-4-carboxylate; 

Compound 16: para-methoxybenzyl (6R,7R)-7-phenylthioacetamido-3-[[3- 
(pyridin^-yl)isoxazol-5-yl]vinyl]-3-cephem-4-carboxylate; 

Compound 17: para-methoxybenzyl (6R,7R)-7-phenylthioacetamido-3-[(3- 
carbamoylisoxazol-5-yl)vinyl]-3-cephem-4-carboxylate; 

Compound 1 8 : (6R,7R)-7-phenylthioacetamido-3-[(3-methy lisoxazol-5- 
yl)vinyI]-3~cephem-4-carboxylic acid; 

Compound 1 9 : (6R,7R>7-pheny lthioacetamido-3 -[(3 -ethylisoxazol-5- 
yl)vinyl]-3-cephem-4-carboxylic acid; 

Compound 20: (6R,7R)-7-phenylthioacetamido-3 -[(3-methoxyisoxazol-5- 
yl)vinjd]-3-cephem-4-carboxylic acid; 
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Compound 21 : (6R,7R)-7-phenylthioacetainido-3-[(3-ethoxyisoxa2ol-5- 
yl)vinyl]-3-cephein-4-carboxylic acid; 

Compound 22: (6R,7R>7-phenylthioacetamido-3-[(3-bromoisoxa2ol-5- 
yl)vinyl]-3-cephem-4-carboxylic acid; 

Compound 23 : (6R,7R)-7-phenylthioacetamido-3-[(3-hydroxy isoxazoi-5- 
yl)vinyl]-3-cephem-4-carboxylic acid; 

Compound 24: (6R,7R>-7-phenylthioacetamido-3-[(3- 

ethoxycarbonylisoxazol-5-yl)vinyI]-3-cepbem-4-carboxylic acid; 

Compound 25: (6R,7R)-7-phenylthioacetamido-3-[(3^phenylisoxazol-5- 
yI)vinyl]-3-cephem-4-carboxylic acid; 

Compound 26: (6R,7R)-7-phenylthioacetamido-3-[[3-(4- 

methylphenyl)isoxazol-5-yl]vinyl]-3-cephem-4-cari)oxylic acid; 

Compound 27: (6R,7R)-7-phenylthioacetamido-3-[[3-(4- 

methoxypheny])isoxazol-5-yl]vinyl]-3-cephem-4-carboxylic acid; 

Compound 28: (6R,7R)-7-phenylthioacetamido-3-[[3-(4- 

fluorophenyl)isoxazol-5-yl]vinyl]-3^ephem^-Mrboxylic acid; 

Compound 29: (6R,7R>7-phenylthioacetamido-3-[[3-(4- 

chlorophenyl)isoxa2oI-5-yl]vinyl]-3-cephem-4-carboxylic acid; 

Compound 30: (6R,7R)-7-phenylthioacetamido-3-[[3-(4- 

bromophenyl)isoxazol-5-yl]vinyl]-3-cephem-4-carboxyIic acid; 

Compound 31: (6R,m)-7-phenylthioacetamido-3-[[3-(pyridin-2-yl)isoxazol- 
5-yl]vinyl]-3-cephem-4-carboxjdic acid; 

Compound 32: (6R,7R>7-phenyltWoacetamido-3-[[3-(pyridin-3-yl)isoxazol- 
5-yl]vinyl]-3-cephem-4-carboxylic acid; 

Compound 33: (6R,7R>7-phenyltWoacetamido-3-[[3-(pyridin-4-yl)isoxazol- 
5-yI]vinyl]-3-cephem-4-carboxy]ic acid; and 

Compound 34: (6R,7R)-7-phenyIthioacetamido-3-[(3H^rbamoylisoxazol-5- 
yl)vinyl]-3-cephem-4-carboxylic acid. 

In accordance with another aspect of the present invention, there is provided 
a method for manufacturing the cephalosporin compounds or pharmaceutical^ 
acceptable salts thereof, comprising the steps of preparing the compound represented 
by Formula I below: 
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Y 




wherein X, Y, Z, R2 and Q are as defined above, 
by reacting an ylide of Formula VI below: 




COOR 2 

(VI) 

wherein X, Y, Z and R2 are as defined above, 
with an aldehyde compound of Formula VH below: 




(VII) 

wherein Q is as defined above, 

in the presence of a base and an organic solvent. 

Hereinafter, the method of the compounds according to the present invention 
will be explained in more detail. The compounds of the present invention can be 
prepared by introducing a (3 -substituted isoxazol-5-yl)vinyl group to the 3-position of 
the cephem ring in the compound of Formula VI, via the Wittig reaction. In the 
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method of the present invention, any of conventional bases that have been used for 
the Wittig reaction may be used. It is preferable to use at least one base selected 
from the group consisting of sodium carbonate, sodium hydrogen carbonate, alkali 
metal hydride, alkali metal amide, alkali metal hydroxide, alkali metal acetate, tri- 
5 (lower)alkylbenzylamine, N-lower alkylmorpholine, N,N-(Iower)alkylbenzyIamine 
and N,N-di-(lower)alkylaniline. 

Further, the solvent used in the method of the present invention is preferably 
at least one selected from the group consisting of water, acetone, dioxane, acetonitrile, 
chloroform, dichloromethane, tetrahydrofuran, ethylacetate and N,N- 
10 dimethylformamide. Further, the reaction temperature is preferably between -40°C 
and25°C. 

The compound of Formula VI, which is used as a starting material in the 
method of the present invention, can be prepared in accordance with the following 
procedure. First, a compound of Formula IV is reacted with a mixture of a 
15 trialkylphosphine (e.g., triphenylphosphine or tributylphosphine) and a sodium or 
potassium halide (e.g., sodium iodide, sodium chloride, potassium iodide or potassium 
chloride) in the presence of a solvent, to prepare a phosphonium compound of Formula 
V, as depicted in Reaction Scheme 1 below: 
[Reaction Scheme 1] 



20 




wherein X, Y, Z and R 2 are as defined above, and X' is chloro, bromo or 

iodo. 

Then, the compound of Formula V is treated with a base to prepare the 
2 5 compound of Formula VI, as depicted in Reaction Scheme 2 below : 
[Reaction Scheme 2] 
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Y Y 




(V) (VI) 
wherein X, Y, Z, R 2 and X 5 are as defined above. 

In the preparation of the compound df Formula V as depicted in Reaction 
Scheme 1, acetone, dioxane, acetonitrile, chloroform, dichloromethane, 
tetrahydrofuran, ethylacetate, N, N-dimethylformamide, or the like is preferably used 
as the solvents Of these, acetone is particularly preferred. Further,, the preparation 
reaction of the compound of Formula V is carried out at a temperature of -20°C to 
25°C, and preferably 10°C to 25°C. 

The compound of Formula IV as a starting material of the compound of 
Formula V depicted in Reaction Scheme 1 can be prepared by reacting a carboxylic 
acid compound with a cephalosporin compound of Formula HI, as depicted in Reaction 
Scheme 3 below: 
[Reaction Scheme 3] 




wherein X, Y, Z, R 2 and X' are as defined above. 

In the preparation of the compound of Formula IV, an acylation reaction 
between the carboxylic acid compound of Formula II and the cephalosporin compound 
of Formula HI is conducted by a routine reaction process. As the reaction solvent, 
water, acetone, dioxane, acetonitrile, chloroform, dichloromethane, tetrahydrofuran, 
ethylacetate, N,N-dimethylformamide, or pyridine can be preferably used. 

The acylation reaction is conducted in the presence of an organic or 
inorganic base. Examples of bases usable herein include alkali metal hydroxide, 
alkali metal acetate, tri-Oowe^alkylamine, pyridine, N-lower alkylmorpholine, N,N- 
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0ower)alkylbenzylamine and N,N-di-(Iower)alkylaniline. The acylation reaction is 

preferably conducted at a temperature between -40°C and 25°C. 

In addition, the compound of Formula II is required to be activated using an 
activating agent for the acylation reaction. Examples of activating agents include acyl 
halides, acyl azides, activating esters, activating amides, and acid anhydrides 
(including symmetric or mixed anhydrides). As compounds forming the acid 
anhydrides, there may be mentioned, for example, inorganic acids (e.g., phosphoric 
acid, sulfuric acid, halogen acids, etc.), and organic acids (e.g., alkane acids, aralkane 
acids, alkylsulfonic acids, arylsulfonic acides, etc.). In addition, the acylation 
reaction can be conducted using a coupling assistant, e.g., N,N- 
dicyclohexylcarbodiimide, N-cyclohexyl-N-(4-diethyIaminocyclohexyl)carbodiimide, 
N,N-carbonylbis(2--methylimidazole), ethyl polyphosphate, phosphorous trichloride, 
thionyl chloride, oxalyl chloride, triphenylphosphine, or the like. 

In this manner, the compound of Formula I according to the present 
invention is prepared. If necessary, the protecting group is removed by reacting the 
protected compound of the present invention with an acid, affording the deprotected 
product, as depicted in Reaction Scheme 4 below: 
[Reaction Scheme 4] 




(IR 2 rH) (1) 



wherein X, Y, Z, R 2 and Q are as defined above. 

As the acid used herein, acetic acid, formic acid, trifluoroacetic acid, or a 
Lewis acid (e.g., aluminum trichloride) is preferred. The amount of the acid to be 
added is preferably 1-1,000 times, and more preferably 5-100 times, that of the 
cephalosporin compound of Formula L Further, the deprotection reaction is typically 
conducted at a temperature between -10°C and 25°C 

The compounds of Formula I thus prepared can be purified to high purity by 
various processes, such as recrystallization, iontophoresis, silica gel chromatography, 
and ion-exchange resin chromatography. 

If needed, the substituent R 2 in the compounds of the present invention may 
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be a group forming an ester as a carboxyl derivative. In this case, since the 
compounds of the present invention have an ester structure (i.e. carboxyl 
derivatives), they can show m vivo antibiotic activity when administered in the form of 
an oral or injectable preparatkm. 
5 This preparation of the carboxyl derivative can be carried out by 

conventional procedures. Exemplary procedure is specifically described in the 
following Example 5. 

In accordance with yet another aspect of ths present invention, there is 
provided an antibiotic composition comprising the compound or its pharmaceutical^ 
1 0 acceptable salt of Formula I, and a pharmaceutical^ acceptable carrier. 

Depending on the desired application, the compound of the present invention 
can be administered in the form of an oral or injectable preparation. The preparation 
can be obtained using known carriers and excipients by conventional processes known 
in the art. The preparation may be in the form of a solution, suspension or emulsion 
15 in an oil or aqueous medium, and may contain an additive, such as a dispersing, 
suspending or stabilizing agent. In addition, the preparation may be in a dry powder 
form, which is dissolved in sterilely treated or pyrogen-free water prior to use. The 
compounds of Formula I can be formulated into suppositories using common bases 
such as cocoa butter and glyceride. 
20 Solid dose forms of the compounds according to the present invention for 

oral administration may be capsules, tablets, pills, powders and jgranules. The tablets 
and pills may be covered with enteric coating. In addition, the solid dose forms can 
be manufactured by mixing the active compound of Formula I with at least one inert 
diluent selected from sucrose, lactose and starch, and a carrier selected from lubricants 
25 (e.g., magnesium stearate), disintegrants and binders. 

If necessary, the compounds of the present invention can be combined with 
penicillin or other cephalosporin antibiotics before being administered. 

[Mode for Invention] 

30 

The invention will now be more particularly illustrated by reference to the 
preferred experimental examples. The experimental examples, however, do not limit 
the scope of the invention, but simply exemplify the preparation of the compounds of 
the invention. 
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Reference example 1 

Preparation of pom-methoxvbenzvl ( 6RmV7-phenvlthioacetamido-3- 
chloromethvl -3-cephem-4-carboxvlate IProcess for the preparation of the Comp ound 

/?ora-Methoxybenzyl (6R,7R)-7~amino-3 -chloromethyl-3-cephem-4- 

carboxylate hydrochloride (4.05 g, 10 mmol) was suspended in methylene chloride (80 
mL) and the mixture was cooled to 0 1C. To the suspension was 'added 

10 diisopropylamine (2.1 mL, 12 mmol) and the resulting mixture was stirred for 10 min. 
Then, phenylthioacetyl chloride (12 mmol) was added and stirred for 30 min. After 
completion of the reaction, the reaction mixture was washed with water and brine, 
dried with anhydrous magnesium sulfate, and then filtered. The filtrate was evaporated 
under vacuum to give the title compound (5. 13 g, 98.6%). 

15 1 HNMR(CDC1 3> 300 MHz, 5): 7.56 (d, 1H), 7.29 (m, 7H), 6.90 (d, 2H), 5.80 

(dd, 1H), 5.23 (s, 2H), 4.92 (d, 1H), 4.46 (dd, 2H), 3.81 (s, 3H), 3.49 (dd, 2H) 

Preparation of /wq-Methoxybenzvl f6R7RV7-(3.4- 

dichIorophenvnthioacetamido-3- chloromethvl- 3-cephem-4-carboxylate 

20 

The title compound (4.93 g, 85%) was obtained by following the same 
procedure as the above-mentioned Reference example 1 using 3,4- 
dichlorophenylthioacetyl chloride (12 mmol) instead of phenylthioacetyl chloride. 

l H NMR (CDC1 3 , 300 MHz, 5): 7.45 (s, 1H), 7.29 (m, 5H), 6.90 (d, 2H), 5.80 
25 (dd, 1H), 5.23 (s, 2H), 4.92 (d, 1H), 4.46 (dd, 2H), 3.81 (s, 3H), 3.49 (dd, 2H) 

Preparation of parq-Methoxvbenzvl (6R^7RV7-(3^ 

dime1hvlphenvl)thioacetamido-3- chloromethvl- 3-cephem-4-carboxvlate 

30 The title compound (4.90 g, 87%) was obtained by following the same 

procedure as the above-mentioned Reference example 1 using 3,5- 
dimethylphenylthioacetyl chloride (12 mmol) instead of phenylthioacetyl chloride. 

X H NMR (CDCI3, 300 MHz, 8): 7.45 (s, 1H), 7.29 (m, 5H), 6.90 (d, 2H), 5.80 
(dd, 1H), 5.23 (s, 2H), 4.92 (d, 1H), 4.46 (dd, 2H), 3.81 (s, 3H), 3.49 (dd, 2H) 

35 
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Preparation of para-methoxvbenzvl r6R.7RV7-phenv1thioacetaniitin-^- 
triphenvlphosphnni ummethvl-3-cephem-4-carboxvlate iodide IProcess for thft 
preparation of the Compound (V)] 

Triphenylphosphine (1.57 g, 6 mmol) and sodium iodide (6.90 g, 6 mmol) 
were added to a solution of /rara-Methoxybenzyl (6R,7R>7-phenylthioacetamido-3- 
chIoromethyl-3-cephem-4-carboxylate (2.60 g, 5 mmol) in acetone (100 mL), and the 
resulting mixture was stirred for 2 h at room temperature. The reaction mixture was 
' filtered, and the filtrate was concentrated and dried wider •vacuum to provide the title 
compound (4.15 g, 95%). 

Preparation of ZMrq-Methoxvbenzvl (6R.7RV7-f3 4^ 

dichlorophenvnthioacetarnido>3- triphenvlphosphoniummethvl>3-cep heTn^ 

carboxvlate iodide 

The title compound (4.40 g, 96%) was obtained by following the same 
procedure as the above-mentioned Reference example 2 using /?ora-methoxybenzyl 
(6R,7R)-7-(3,4^chlorophenyl)to^ 
as the reactant. 

J H NMR (CDCI3, 300 MHz, 5): 7.85 (d, 2H), 7.60 (m, 20H), 6.90 (d, 2H), 
5.90 (d, 1H), 5.25 (s, 2H), 4.95 (d, 1H), 4.46 (dd, 2H), 3.84 (s, 3H), 3.50 (dd, 2H) 

Preparation of pqrq-Methoxvbenzvl (6K7RV7-f3.5- 

dimethvlphenvflthioacetamido-3- triphenvlphosphoniummethvl-3-cep hftTn-4- 

carboxylate iodide 

The title compound (4.18 g, 95%) was obtained by following the same 
procedure as the above-mentioned Reference example 2 using /?ara-methoxybenzyl 
(6R,7R)-7-(3,5-dimethylphenyl)thioacetamido-3-chloromethyl-3-cephem-4- 
carboxylate as the reactant. 

l H NMR (CDC1 3> 300 MHz, 5): 7.85 (d, 2H), 7.60 (m, 20H), 6.90 (d, 2H), 
5.90 (d, 1H), 5.25 (s, 2H), 4.95 (d, 1H), 4.46 (dd, 2H), 3.84 (s, 3H), 3.50 (dd, 2H),' 
2.2(s,6H) 



Example 1 
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Preparation of parg-methoxvbenzvl (6K7RV7-phenvlthioacetamido-3-[r3- 
methvlisoxa zol-5-vI)vinvl]-3-cephem-4-carboxylate fProcess for the preparation of 
the Compound (Ti) 

5 />ara-Methoxybei)2yl (6R,7R)-7-phenyithioacetamido-3- 

triphenylphosphoniummethyl-3-cephem-4-carboxylate iodide (437 mg, 0.5 mmol) and 
3-methylisoxazoI-5-carbaldehyde (56 mg, 0.5 mmol) were suspended in methylene 
chloride (5 mL), and was added 5% aqueous sodium bicarbonate solution (1 mL). 
AfteF stirring 5 h at room temperature, the reaction mixture was washed with water and 
10 brine, dried with anhydrous magnesium sulfate, filtered, and concentrated under 
vacuum. The residue was then column chromatographed on silica gel, eluting with a 
1:2 mixture of ethyl acetate and n-hexane, to provide the title compound (195 mg, 
70.1%). 

] H NMR (CDCI3, 300 MHz, 5): 7.50 (d, 2H), 7.32 (m, 7H), 6.87 (d, 2H), 6.63 
15 (d, 1H), 6.38 (d, 1H), 6.03 (s, 1H), 5.85 (dd, 1H), 5.16 (d, 2H), 5.04 (d, 1H), 3.81 (s, 
3H), 3.71 (q, 2H), 3.42 (dd, 2H), 2.82 (s, 3H) 

Preparation of /^m>Methoxvbenzvl (6IL7RV7-(3>4-dichlorophenyn 
thioacetamido-3-[(3- methvlisoxa2X)l-5-vl)vinvl]-3-cephem'4'Caiboxylate 

20 

The title compound (240 mg, 81%) was obtained by following the same 
procedure as the above-mentioned Example 1 using the corresponding amount 
of /?ara-methoxybenzyl (6R,7R)-7-(3,4-dichlorophenyl)thioacetamido-3- 
triphenylphosphoniummethyl-3-cephem-4-carboxylate iodide as the reactant. 
25 J H NMR (CDCI3, 300 MHz, 5): 7.50 (d, 2H), 7.32 (m, 5H), 6.87 (d, 2H), 6.63 (d, 

1H), 6.38 (d, 1H), 6.03 (s, 1H), 5.85 (dd, 1H), 5.16 (d, 2H), 5.04 (d, 1H), 3.81(s, 3H), 
3.7i(q, 2H), 3.42(dd, 2H), 2.82(s, 3H) 

Preparation of para-Methoxvbenzyl f6K7KW7-f3.5- 

30 dimethvlphenvnthioacetamido -3~rf3- methylisoxa2ol-5-vnvinvlV3-cephem-4- 
carboxvlate 

The title compound (220 mg, 80%) was obtained by following the same 
procedure as the above-mentioned Example 1 using the corresponding amount of pam- 
35 methoxybenzyl (6R,7R)-7-(3,5-dimethylphenyl)thioacetamido-3- 
triphenylphosphoniummethyl-3-cephem-4-carboxylate iodide as the reactant. 
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'H NMR (CDCI3, 300 MHz, 5): 7.50 (d, 2H), 7.32 (m, 5H), 6.87 (d, 2H), 
6.63 (d, 1H), 6.38 (d, 1H), 6.03 (s, 1H), 5.85 (dd, 1H), 5.16 (d, 2H), 5.04 (d, 1B)[ 
3.81(s, 3H), 3.71(q, 2H), 3.42(dd, 2H), 2.82(s, 3H), 2.2(s, 6H) 

Example 2 

The following compounds were prepared by the same procedure as the 
Example 1 using the corresponding carbaldehydes instead of 3-methyIisoxazol-5- 
carbaldehyde. ' • 

1) /wo-Methoxybenzyl (6R,7R)-7-phenylthioacetamido-3-[(3-ethylisoxazol-5-yl) 
vinyl]-3-cephem-4-carboxylate 

2) para-Methoxybenzyl (6R,7R)-7-phenyl!hioacetamido-3-[(3-methoxyisoxazol-5-yl) 
vinyl]-3 -cephem-4-carboxylate 

3) /wra-Methoxybenzyl (6T^m)-7-phenyltliioacetarnido-3-[(3-ethoxyisoxazol-5-yl) 
vinyl]-3-cephem-4-carboxylate 

4) /wra-Methoxybenzyl (6R,m>7-phenyltinoacetamido-3-[(3-bromoisoxazol-5-yl) 
vinyl]-3-cephem-4-carboxylate 

5) /raro-Methoxybenzyl (6Tl,m)-7-phenylthioacetamido-3-[(3-hydroxyisoxazol-5-yl) 
vinyl]-3-cephem-4-carboxylate 

6) />aro-Methoxybenzyl (6R,7R)-7-phenylthioacetamido-3-((3-ethoxycarbonylisoxazoI 
-5-yl)vinyl]-3-cephem-4-carboxylate 

7) /?ara-Methoxybenzyl (6R,7R>7-phenylthioacetamido-3-[(3-phenyUsoxazol-5-yl) 
vinyl] -3 - cephem-4-carb oxylat e 

8) pora-Methoxybenzyl (6R,mH-phenylthioaceternido-3-[[3-(4-methylphenyl) 
isoxazol-5-yI]vinyI]-3-cephem-4-carboxylate 

9) para-Methoxybenzyl (6R,7R)-7-phenylthioacetamido-3-[[3-(4-ethoxyphenyl) 
isoxazol-5-yl]vinyl]-3-cephem-4-carboxylate 

1 0) pam-Methoxybenzyl (6R,7R)-7-phenylthioacetamido-3-[[3-(4-fluorophenyl) 
isoxazol-5-yl]vinyl]-3-cephem-4-carboxylate 

1 1) para-Methoxybenzyl (6R,7R)-7-phenylthioacetamido-3-[[3-(4-chlorophenyl) 
isoxazol-5-yl]vinyl]-3-cephem-4-carboxylate 

12) para-Methoxybenzyl (6R,7R)-7-phenylthioacetamido-3-[[3-(4-bromophenyl) 
isoxazol-5-yl]vinyl]-3-cephem-4-carboxylate 

1 3) /aara-Methoxybenzy] (6R,7R)-7--phenylthioacetamido-3-[[3-(2-pyridinyl)isoxazol - 
5-yl]vinyl]-3-cephem-4-carboxylate 

14) para-Methoxybenzyl (6R,m)-7-phenyltmoacetarnido-3-[[3-(3-pyridinyl)isoxazol - 
5-yl]vinyl]-3-cephem-4-carboxylate 
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15) i?ara-Methoxybenzyl (6R,7R)-7-phenylthioacetamido-3-[[3-(4- 

pyridinyl)isoxazol-5-yl]vinyl]-3-cephem-4-carboxylate 
16)/*xra-Methoxybenzyl (6R,7R)-7-phenylthioacetamido-3-[(3-carbanioyIisoxazol -5- 
yl)vinyl]-3-cephera-4-carboxylate 

Example 3 

Preparation of r6R-7RV7-phenvlthioacetamido-3-r<'3-methvlisoxa7:ol-S- 
vDvinvll-3- cephemM-carboxvlic acid 

/rara-Methoxybenzyl (6K,7R)-7-phenylthioacetamido-3-[(3-methylisoxazol- 
5-yl) vinyl]-3-cephem-4-carboxyIate (164 mg, 0.28 mmol) was suspended in anisole 
(2.1 mL), and cooled to 0 V. To the suspension trifluoroacetic acid (2.1 mL) was 
added dropwise, and stirring was continued for 2 h at the same temperature. The 
reaction mixture was then concentrated under vacuum. The residue was solidified with 
petroleum ether, triturated, and filtered to give the title compound (81 mh, 62.3%). 

*H NMR (CD3OD, 300 MHz, 5): 7.43 (d, 2H, J=7.2 Hz), 7.29 (m, 3H), 6.75 (d, 
1H), 6.49 (d, 1H), 6.23 (s, 1H), 5.77 (d, 1H), 5.20 (d, 1H), 3.73 (d, 2H), 3.52 (dd, 2H), 
2.27 (s, 3H) 

Preparation of. f6R.7RV7-f3.4-Dichlorophenvnthioacetamido-3-f n- 

methvlisoxazol -5-vr)vinvn-3- cephem-4-carboxvlic acid 

The title compound (120 mg, 80%) was obtained by following the same 
procedure as the above-mentioned Example 3 using the corresponding amount oipara- 
methoxybenzyl (6R,7R)-7-(3,4-dichlorophenyl)thioacetamido-3 -[(3- methylisoxazol-5- 
yl)vinyl]-3-cephera-4-carboxylate as the reactant. 

J H NMR (CD3OD, 300 MHz, 5): 7.43 (s, 1H), 7.29 (m, 2H), 6.75 (d, 1H), 
6.49 (d, 1H), 6.23 (s, 1H), 5.77 (d, 1H), 5.20 (d, 1H), 3.73 (d, 2H), 3.52 (dd, 2H)', 
2.27(s, 3H) 

Preparation of r6R.7R)-7-( , 3.5-Dimethvlphenvnthioacetamtdo-3-fr3- 
methvlisoxazol- 5-vnvinvll-3- cephem-4-carboxylic acid 

The title compound (110 mg, 85%) was obtained by following the same 
procedure as the above-mentioned Example 3 using the corresponding amount of pwa- 
methoxybenzyl (6R,m)-7-(3,5-dimethylphenyl)thioacetamido-3-[(3- methyl isoxazol- 
5-yl)vinyl]-3-cephem-4-carboxylate as the reactant. 
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'H NMR (CD3OD, 300 MHz, 5): 7.35 (m, 3H), 6.75 (d, 1H), 6.49 (d, 1H), 
6.23 (s, 1H), 5.77 (d, 1H), 5.20 (d, 1H), 3.73 (d, 2H), 3.52 (dd, 2H), 2.27(s, 3H) 

Example 4 

The following acid compounds were prepared by the same procedure as the 
Example 3 using the corresponding /wa-methoxybenzyl esters. 

1) (61(,m)-7-Phenyhhioacefamido-3-[(3-e%lisoxazol-5-y0vinyl]-3-cephem-4- 
carboxylic acid 

J HNMR (CD30D, 300 MHz, 5) : 7.43 (d, 2H), 7.26 (m, 3H), 6.75 (d, 1H), 6.49 (d, 
1H), 6.27 (s, 1H), 5.76 (d, 1H), 5.20 (d, 1H), 3.72 (d, 2H), 3.53 (dd, 2H), 2.6'6 (q, 2K), 
1.26 (f, 3H) ' 

2) (6R,m>7-Phenylmioacetamidc>-3-[(3-memoxyisoxazol-5-yl)vinyl]-3-cephem-4- 
carboxylic acid 

*H NMR (CD30D, 300 MHz, 5) : 7.43 (d, 2H), 7.30 (m, 3H), 6.75 (d, 1H), 6.39 (d, 
1H), 5.98 (s, 1H), 5.76 (d, 1H), 5.18 (d, 1H), 3.94 (s, 3H), 3.72 (s, 2H), 3.52 (dd, 2H) ' 

3) (6R,7R>7-Phenylthioacetaimdo-3-[(3-ethoxyisoxazol-5-yl)vinyl]-3.cephem-4- 
carboxylic acid 

*H NMR (CD30D, 300 MHz, 5) : 7.43 (d, 2H), 7.31 (t, 2H), 7.23 (d, 1H), 6.75 (d, 
1H), 6.40 (d, 1H), 5.97 (s, 1H), 5.77 (d, 1H), 5.19 (d, 1H), 4.26 (q, 2H), 3.72 (d, 2H), 
3.53 (dd,2H), 1.39 (t,3H) 

4) (6R,7R)-7-Phenylthioacetainido-3-[(3-bromoisoxazol-5-yl)vinyl]-3-cephem-4- 
carboxyhc acid 

! HNMR (CD30D, 300 MHz, 6) : 7.44 (d, 2H), 7.31 (t, 2H), 7.22 (t, 1H), 6.84 (d, 1H), 
6.52 (d, 1H), 6.49 (s, 1H), 5.78 (d, 1H), 5.20 (d, 1H), 3.72 (d, 2H), 3.52 (dd, 2H) 

5) (6R,m)-7-Phenylthioacetamido-3-[(3-hydroxyisoxazol-5-yl)vinyl]-3-cephem-4- 
carboxyUc acid 

l H NMR (DMSO-dg, 300 MHz, 5) : 11.30 (s, 1H), 9.22 (d, 1H), 7.29 (m, 5H), 6.64 
(d, 1H), 6.37 (d, 1H), 5.92 (s, 1H), 5.73 (dd, 1H), 5.19 (d, 1H), 3.76 (d, 2H), 3.59 (m, 
2H) 



6) (6R,7R)-7-Phenyltiiioacetamido-3-[(3-ethoxycarbonylisoxazol-5-yl)vinyl]-3- 
cephem-4-carb oxylic acid 
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teNMR (CD30D, 300 MHz, 5) : 1 1.30 (s, 1H), 9.22 (d, 1H), 7.29 (m, 5H), 6.64 
(d, 1H), 6.37 (d, 1H), 5.92 ( S> 1H), 5.73 (dd, 1H), 5. 19 (d, 1H), 3.76 (d, 2H), 3.59 (m, 
2H) 

7) (6R,7R>7-Phenylthioacetamido-3-[(3-phenylisoxazol-5-yl)vinyl]-3-cephem-4- 
carboxylic acid 

1 HNMR(CDC13, 300 MHz, 5) : 7.47 (m, 10H), 6.81 (d, 1H), 6.51 (d, 1H), 6.51 (s, 
1H), 6.88 (dd, 1H), 5.12 (d, 1H), 3.73 (q, 2H), 3.51 (dd, 1H) 

8) (6R,7R>7-Phenylthioacetamido-3-[[3-(4-methylphenyl)isoxazol-5-yl]vinyl]-3- 
cephem-4-caiboxylic acid 

*H NMR (CD30D, 300 MHz, 5) : 7.72 (d, 2H), 7.42 (d, 2H), 7.25 (m, 5H), 7.81 (d, 
1H), 6.74'(s > 1H), 6.58 (d, 1H), 5.76 (d, 1H), 5.23 (d, 1H), 3.73 & 2H), 3.57 (dd, 2H), 
2.39 (s, 3H) 

9) (6I^7R)-7-Phenyltluoacetaim^ 
cephem-4-carb oxylic acid 

X H NMR (CD30D, 300 MHz, 5) : 7.76 (d, 2H), 4.42 (d, 2H), 7.28 (t, 2H), 7.19 (t, 
1H), 7.03 (d, 2H), 6.81 (d, 1H), 6.71 (s, 1H), 6.57 (d, 1H), 5.77 (d, 1H), 5.23 (d, 1H), 
3.85 (s, 3H), 3.74 (d, 2H), 3.56 (dd, 2H) 

10) (6R,m)-7-Phenylthioacetanudo-3-[[3-(4-fluorophenyl)isoxazol-5-yI]vinyl]-3- 
cephera-4-carboxylic acid 

*H NMR (CD30D, 300 MHz, 8) : 7.86 (dd, 2H), 7.41 (d, 2H), 7.23 (m, 5H), 6.81 
(d, 1H), 6.75 (s, 1H), 6.57 (d, 1H), 5.75 (d, 1H), 5.22 (d, 1H), 3.72 (d, 2H), 3.56 (dd, 
2H) 

1 1) (6R,m>7-Phenylthioacetamido-3-[[3-(4-chlorophenyl)isoxazol--5-yl]vinyl]-3- 
cephem-4-carboxylic acid 

l H NMR (CD30D, 300 MHz, 5) : 7.84 (d, 2H), 7.51 (d, 2H), 7.43 (d, 2H), 7.29 (t, 
2H), 7.19 (t, 1H), 6.83 (d, 1H), 6.78 (s, 1H), 6.59 (d, 1H), 5.77 (d, 1H), 5.23 (d, 1H), 
3.73 (d,2H), 3.57 (dd, 2H) 

12) (6Rm>7-Phenylthioacetainido-3-[t3-(4-bromophenyl)isoxazol-5-yl3vinyl]-3- 
cephem-4-carboxylic acid 

l H NMR (CD30D, 300 MHz, 5) : 7.81 (d, 2H), 7.50 (d, 2H), 7.39 (d, 2H), 7.30 (t, 
2H), 7.15 (t, 1H), 6.83 (d, 1H), 6.75 (s, 1H), 6.57 (d, 1H), 5.76 (d, 1H), 5.21 (d, 1H), 
3.75 (d,2H), 3.56 (dd,2H) 
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13) (6R,7R>74>henylthioacetamrt^ 

cephem-4-carboxylic acid 
*H NMR (CD30D, 300 MHz, 5) : 8.69 (d, 1H), 8.15 (d, 1H), 8.05 (t, 1H), 7.58 (t, 
1H), 7.41 (d, 2H), 7.27 (t, 2H), 7.19 (d, 1H), 6.97 (s, 1H), 6.86 (d, 1H), 6.63(d, 1H)[ 
5.79 (d, 1H), 5.25 (d, 1H), 3.74 (d, 2H), 3.57 (dd, 2H) 

14) (6R,m>7-Phenyithioaretan^^ 
cephem-4-carboxylic acid 

• lH NMR (CD30D, 300 MHz, 5) : 9.15 (s, 1H), 8.78 (d,. 1H), 7.85 (d, 1H), 7.45 (t, 
1H), 7.39 (d, 2H), 7.28 (t, 2H), 7.16 (d, 1H), 6.87 (d, 1H), 6.68 (d, 1H), 6.45 (s, 1H), 
5.79 (d, 1H), 5.25 (d, 1H), 3,75 (d, 2H), 3.56 (dd, 2H) 

15) (6R,m>7-PKenylthioacetamido-3^^^ 
cephem-4-carboxylic acid 

'H NMR (CD30D, 300 MHz, 6) : 8.82 (dd, 2H), 8.34 (d, 1H), 8.22 (d, 1H), 7.43 (d, 
2H), 7.27 (t, 2H), 7.21 (d, 1H), 7.02 (s, 1H), 6.91 (d, 1H), 6.63 (d, 1H), 5.74 (d, 1H),' 
5.38 (d, 1H), 3.74 (d, 2H), 3.61 (dd, 2H) 

16) (6R,7R)-7-Phenylthioacetamido-3~[(3H^amoy -4- 
carboxylic acid 

! HNMR (CDaOD, 300 MHz, 5) : 7.43 (d, 2H), 7.29 (m, 3H), 6.84 (d, 1H), 6.67 (s, 
1H), 6.58 (d, 1H), 5.79 (d, 1H), 5.21 (d, 1H), 3.73 (d, 2H), 3.52 (dd, 2H) 

Example 5 

: An example for introducing ester residue at R2to prepare carboxylic ester derivatives 
that show in vh>o antibacterial activity 

Preparation of rRSVWisopropoxvcarbonvloxv^ethvl f6R_7RU7- 
phen ylthioacetamido -3-f (3-methvlisoxazol-5-vnvinvlV3-cephem-4-carboxylate 

(6R,7R)-7-Phenylthioac£tamido-3-[@^ 
4- carboxylic acid.(0.5g, 0.93 mmol) was dissolved in i^iV^dimethylacetamide (30 mL), 
and cooled to -1513 ~ -10°C. To the solution was added l,8-diazabicyclo[5.4.0]undec- 
7-ene (0.14g, 0.93 mmol) and 1-iodoethyl isopropyl carbonate (10 mL), and the 
reaction mixture was stirred for 3 h. After completion of the reaction, the precipitate 
produced by the addition of ethyl acetate (100 mL) was filtered off. To the filtrate was 
successively added dilute hydrochloric acid and 5% aqueous sodium bicarbonate. The 
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organic layer was separated, washed with water and brine, dried with anhydrous 
magnesium sulfate, and filtered. The filtrate was concentrated under vacuum, and the 

residue was column chromatographed on silica gel, eluting with a 3:2 mixture of ethyl 

acetate and n-hexane, to provide the title compound (450 mg, 85.7%). 
5 ] H NMR (CD3OD, 300 MHz, 6) : 7.43 (d, 2H, J=7.2Hz), 7.29 (m, 3H), 6.75 (d, 

1H), 6.61 (m, 1H), 6.49 (d, 1H), 6.23 (s, 1H), 5.77 (d, 1H), 5.20 (d, 1H), 4.31 (m, 1H), 

3.73(d, 2H), 3.52(dd, 2H), 2.27(s,3H), 1.74(d, 3H), 1.35(d, 6H) 

Test example 1 : in vitro antibacterial activity test 

10 

The 771 vitro antibacterial activity of the compounds prepared in the Examples 
of the invention was determined as follows: after incubation of the corresponding 
bacterium for 18 h at 37V, minimum inhibitory concentrations (MICs, #g/mL) were 
determined by the 2-fold agar dilution method with Mueller-Hinton Agar. Some of the 
1 5 results are summarized in the following Table 1 . 



[Table 1] Minimum inhibitory concentrations of representative compounds 
(MICs, fig/mL) 





MRSA 


Compound 
24 


Compound 
28 


Compound 
30 


cefotaxime 


vancomycin 


1 


Staphylococcus 
aureus 001 


1.563 


3.125 


3.125 


25.000 


3.125 


2 


Staphylococcus 
aureus 002 


0.007 


<0.002 


<0.002 


3.125 


1.563 


3 


Staphylococcus 
aureus 003 


3.125 


12.500 


6.250 


>100.000 


0.781 


4 


Staphylococcus 
aureus 004 


6.250 


6.250 


3.125 


>10.000 


0.781 


5 


Staphylococcus 
aureus 005 


0.098 


0.098 


0.098 


6.250 


0.781 


6 


Staphylococcus 
aureus 006 


0.013 


0.013 


0.004 


1.563 


0.781 


7 


Staphylococcus 
aureus 007 


0.013 


0.013 


<0.002 


1.563 


0.781 


8 


Staphylococcus 
aureus 008 


0.098 


0.195 


0.195 


1.563 


0.781 


9 


Staphylococcus 
aureus 009 


0.049 


0.195 


0.195 


6.250 


0.781 


10 


Staphylococcus 
aureus 010 


0.391 


0.391 


0.195 


6.250 


0.781 
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As illustrated in Table 1, the compounds of the invention exhibit excellent 
antibacterial activity against methicillin-resistant Staphylococcus aureus. 

5 [Industrial Applicability] 

As apparent from the foregoing, since the cephalosporin compounds of the 
present invention show superior antibacterial activity against a wide variety of gram- 
positive bacteria, particularly methicillin-resistant Staphylococcus aureus strain, they 
can be effectively used as antibiotics. 
10 In addition, according to the method of the present invention, high purity 

cephalosporin compounds can be prepared in high yield. 



